Heavy intake of alcohol is a leading cause of preventable mortality, second only to cigarette smoking in industrialised countries [8] . Alcohol is implicated in more than 40% of all fatal traffic accidents in 25% of all general hospital admissions, in liver and upper gastrointestinal cancers, suicides sex crimes, industrial accidents, robbery, murder and fetal alcohol syndrome [9] [10] [11] . Conversely, there is evidence to suggest that moderate intake of alcohol has some advantages of reducing the risk of coronary heart disease and dementia, the leading causes of death in most affluent societies, especially in the elderly persons, [12, 13] . Therefore, it is expedient to unravel and make available to the public and research community, the benefit and harmful effects of alcohol consumption on specific haematological variables in our location.
With the global daily increase in the population of alcohol consumers, many scientific papers have been published on the subject of the biological effects of alcohol on the human body and from different parts of the world including some parts of Nigeria, but none has been reported from Jos metropolis in Plateau state, Nigeria.
This study was therefore designed to determine the effect of alcohol consumption on some haematological variables among alcohol consumers in Jos metropolis.
Materials and Methods

Subject Selection
After obtaining ethical clearance and informed written
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consent, a total of 177 subjects were recruited for this study, which comprised of 124 alcohol consumers (bottled beer and locally brewed burukutu, wine and gin or spirit) and 53 apparently healthy non-alcohol consumers that served as a control group. The alcohol consumers selected for this study refer to individuals who have been consistent consumers of alcohol for over seven (7) years, while non-consumers of alcohol are those who abstain from alcohol consumption for a minimum of five (5) years or from birth. All subjects were apparently healthy and between the ages of 20 and 85 years and resident within Jos metropolis.
Study Design
Questionnaires were administered to all the study subjects to establish whether they take alcohol or not. We also used the questionnaire to determine the type of alcoholic drinks taken by the alcohol consumers and how long they have been taking it and the frequency of intake. We collected blood samples from study subjects who consented to participate in the study. Individuals who did not grant consent to participate in the study were excluded.
Sample Collection
We collected 4.5ml of blood from each study participant into potassium EDTA anticoagulant bottles. The samples were analysed for Packed Cell Volume (haematocrit), hemoglobin concentration, total and differential white Cell Counts, as well as blood film reporting for cell morphology using standard manual methods.
Laboratory Methodologies
Determination of haematocrit value by the microhaematocrit method
To determine the value of packed cell volume (PCV), blood sample was well-mixed and drawn up to a 3/4th length of the plain capillary tube by capillary action. About 2mm of the dry end of the capillary tube was sealed with plasticine and placed in the groove of the microhaematocrit centrifuge (ensured balance). Capillary tubes were centrifuged at 13,000 ± 2000 rpm for 5 minutes. Hawksley haematocrit reader was used to read the value of haematocrit and was reported in percentage (%) [14, 15] .
Haemoglobin (Hb) estimation by cyanmethaemoglobin method
The cyanmethaemoglobin method was used to estimate the haemoglobin concentration of the study participants. In this method, the potassium ferricyanide (K3[Fe(CN)6]) present in the cyanmethaemoglobin reagent (Drabkin's solution) converts haemoglobin to methaemoglobin, while potassium cyanide (KCN) combines with methaemoglobin to form cyanmethaemoglobin, a stable color pigment that can be quantified spectrophotometrically. The cyanmethaemoglobin method is briefly described: We pipetted 5ml of cyanmethaemoglobin reagent into the welllabelled test, and blank tubes. The blood sample was mixed, and 20µl was added to the test tube, while no sample was added to the reagent blank tube. The tubes were allowed to stand for 10 minutes at room temperature. The optical density (OD) of the test was read using spectrophotometer at 540nm wavelength, zeroing with the blank. Haemoglobin concentration of test was estimated against the standard chart that was calibrated using the standard cyanmethaemoglobin solution. Hb value was reported in grams per decilitre (g/dl) [16] .
Total white blood cell count
A 1:20 dilution of whole mixed blood in Turk's solution, which comprises of water (97): glacial acetic acid (2): gentian violet (1) lyses the red cells and stains the nuclei of white cells to be counted under the microscope. The method described: We added 20µl of well-mixed whole blood to 0.38ml of Turk's solution in a test tube, mixed and stood for 10 minutes. The cover glass was mounted on an improved Neuberger counting chamber until Newton's ring was observed. The improved Neuberger counting chamber was carefully charged with the well mixed diluted blood. The charged counting chamber was placed in a moist Petri dish for 10 minutes to allow white cells to settle into the same plane. After the 10 minutes of incubation, counting chamber was placed on the microscope stage and leucocytes were counted from the four corner squares using 10x objective observing margin rule. Total white cell count was calculated and expressed in 109/L [17] .
Differential white blood cell count and Blood Picture Assessment
To examine and report the morphology of cells, a thin blood film was prepared and stained with Leishman's method. The stained blood film was allowed to air dry and examined using battlement method with oil immersion objective (x100). The blood film was scanned head to tail to report on morphological details of red blood cells, white blood cells and platelets. For differential white blood cell count, 100 consecutive white blood cells were counted taking note of the various types of leucocytes. They are counted, recorded and reported as percentages. Also, intracellular haemo-parasite, that is Plasmodium species was identified and reported [17, 18] .
Results
Student t-test was used to compare the mean haematological variables between the test group (alcohol consumers) and the control subjects (non-consumers of alcohol) in order to determine the presence of significant difference in the parameters under consideration. A chi-squared (χ2) test was used to compare for any difference in the categorical variables of film reporting between alcohol consumers and non-alcohol consumers. The statistical package, SPSS version 23.0 (SPSS, Inc., Chicago, IL, USA) was employed. Comparison for which P < 0.05 is consider significant.
The demographic data of the study population are presented in Table 1 . There are no significant differences in the mean values of PCV, Hb and total WBC counts between subjects that consume alcohol and those who abstain from taking alcohol as reported in Table 2 . The white blood cell differential count results are displayed in Table 3 ; alcohol consumers showed a significantly higher percentage lymphocyte count compared to non-alcohol consumers ( 48.28±12.98% v 41.91±11.59%; p=0.002). Whereas, 
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Discussion
The study was carried out to investigate the impact of alcohol intake on haematocrit value, haemoglobin concentration, total and differential white blood cell counts, film reporting of blood cells morphologies, and malaria parasites among alcohol consumers in comparison with non-alcohol consumers. This study was designed to test our hypothesis that states that alcohol consumption may be associated with deleterious effects on some haematological variables.
The demographic data of the study participants are presented in table 1. Table 2 showed that there was no statistically significant difference in the values of haematocrit, haemoglobin, and total white cell count among alcohol consumers compared to non-alcohol consumers. Since we did not classify the study subjects according to the rate and frequency of alcohol intake, this observation could not provide a clear picture of the impact of alcohol intake on these haematological variables.. We speculate that stratifying the study subjects according to the frequency and duration of alcohol consumption may reveal a clearer picture of the effect of excessive and prolonged alcohol intake on haematology. The results of the differential white blood cell counts presented in table 3 revealed that alcohol consumers had a significantly higher percentage of lymphocytes compared to nonconsumers of alcohol (p=0.002). Inversely, a higher percentage (at a borderline significance; p=0.078) of the neutrophils count was reported among non-alcohol consumers compared to alcohol consumers. These reports have not been able to categorically decipher any advantege in the immune status of the two groups of the study participants. While the higher percentage of lymphocytes reported among alcohol consumers may be seen to confer potentials for adaptive immunity, the higher percentage neutrophil count seen among non-consumers of alcohol might be viewed as a potential for a stronger innate immune response..
As part of the thin blood film reporting, table 4 showed that alcohol consumers had a significantly higher incidence of malaria parasitaemia compared to non-consumers of alcohol (p=0.001).. It
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is contemplated that the increased malaria parasitaemia observed among the alcohol consumers could be associated with social habits such as keeping late nights at drinking spots and sleeping outside the mosquito nets among others, which increases their vulnerability to mosquito bites.. Interestingly, further blood film reporting presented in table 5 indicated increased incidences of macrocytes, microcytes, hypochromia, polychromasia, rouleaux formation and atypical lymphocytes among alcohol consumers compared to non-consumers of alcohol. These are common features that are characteristically oberved on blood films of patients suffering from some types of anaemia.
A study by Thoma and colleagues reported statistically decreased Hb concentration, total white cell count and PCV among alcoholics in relation to increased alcohol consumption time [19] . A case-control study performed by Erhabor and colleagues in Nigeria had observed significant reduction in WBC, red cell count (RBC), haemoglobin, haematocrit and platelet count, while MCV values were significantly elevated [20] .This report did not agree with our findings, although the mean values of Hb, WBC and PCV recorded in this study was within a lower borderline and the time of alcohol consumption was not considered in the study. In a similar study by Elanchian et al, a statistically significant increased macrocytes among severe alcoholics was revealed in comparison to the non alcoholics [21] . The Elanchian finding is in agreement with data. The increased macrocytes among alcoholics could be associated with impaired dietary folate metabolism resulting to folate deficiency and leading to poor DNA development thereby releasing macrocytic cells into the peripheral blood circulation. A similar study by Yoganandh and colleagues reported grossly decreased level of both vitamin B12 and folate among severe alcoholics in comparison with non-alcoholic group [21] .
The blood film report revealed statistically increased macrocytic, microcytic, hypochromic and polychromic red blood cells among the alcoholics. The blood film features suggest that alcohol consumption may be associated with anaemia, although the mean haematocrit and Hb values recorded in this study are at lower borderline. However alcohol consumption rate and duration should be consider because alcohol may have delay effect on haemaological parameters.
Conclusions
This study revealed a marked anisocytosis, and hypochromia among alcohol consumers and these are essential features of anaemia. The implication is that alcohol consumption associated with anaemia. These observations may be linked to poor dietary habit due to over-dependence on alcohol or its effect on absorption and utilization of essential vitamins required by the body. We recommend for a further study that will consider a more detailed historical data on alcohol consumers and stratify study participants to enhance understanding of the impact of alcohol intake on haematological variables. Furthermore, routine checks on haematological parameters may be necessary to avoid sudden onsets of haematological complications.
